Abstract-In the last decade, both customers and researchers paid attention to wireless video communications applications because they contain abundant and visual information. However, characteristics of wireless networks such as limited resource and fluctuated link quality degrade video transmission quality. In this paper, multiple video streaming in IEEE 802.11e multihop networks is evaluated under different conditions to find out how to design an adaptive cross-layer video transmission scheme for multistream transmission. On one hand, we compare the performances of multipath routing and single path routing. On the other hand, EDCA and its two modifications are evaluated to verify their flexibility. Evaluation results show that the performance of multi-stream video transmission depends on many factors, including data rates and coding structures of video sequences, traffic assignment mechanism, data rates of background data streams, etc.
I. INTRODUCTION
With the development of wireless access and multimedia compression technologies, great attention has been devoted to wireless video communications. Compared to the wireless networks with infrastructures, multihop wireless networks are more flexible to be constructed so that it can support more applications. Therefore, many researchers focus on the field of wireless video transmission over multihop wireless networks.
In multihop wireless networks, more than one path may be detected for the same source-destination pair, leading to studies on multipath routing. There are many papers which discussed multipath video transmission in wireless networks. Some studies proposed to use the best path as forwarding path and regard the others as backup paths. Many studies suggested using multiple paths simultaneously. Among these studies, multipath routing is often combined with multiple description coding scheme [1] [2] [3] [4] [5] . Other studies considered joint optimization of rate allocation and multipath routing [4, 5] . When multiple paths are simultaneously adopted for packet forwarding, traffic assignment for video streams becomes an important problem to be solved.
As for wireless MAC standard, IEEE 802.11 shows its deficiency of not be capable of providing differentiated guarantees for different services. To satisfy the distinct Quality of Service requirements of multimedia service and data service, IEEE 802.11e [6] was proposed. However, this standard only provides a static mapping between service types and ACs.
In this paper, we evaluate the performance of multiple video streaming over IEEE 802.11e multihop networks to find out suitable schemes in network layer and link layer.
The rest of the paper is organized as follows. Section II discusses related work. Evaluation results of multiple video streaming are presented in section III. Section IV concludes the paper and points out future work.
II. RELATED WORK
There are existing studies on improving video transmission performance over IEEE 802.11e networks. In this section we introduce IEEE 802.11e standard and some of its enhancements.
A. IEEE 802.11e
IEEE 802.11e standard [6] enhances the traditional IEEE 802.11 MAC standard to support applications with QoS requirements. A channel access function named Hybrid Coordination Function (HCF) is provided in IEEE 802.11e. The HCF is composed of a contention-based channel access method, called Enhanced Distributed Channel Access (EDCA) and a centrally controlled channel access method, known as HCF Controlled Channel Access (HCCA).
EDCA provides differentiated and distributed access to the wireless medium. QoS support in EDCA is achieved with the introduction of access categories (ACs). Each AC has a transmission queue and a set of channel access parameters to contend for transmission opportunities. If an AC has a smaller AIFS, CW min , or CW max , traffic of this AC has a better chance to access the channel earlier.
Generally, AC3 and AC2 are reserved for voice and video applications respectively, while AC1 and AC0 are for best effort and background traffic. Streams that fall in the same AC are effectively given identical priority to access the channel. Another parameter called TXOP limit is defined as an interval of time during which a node has the right to initiate transmissions. Depending on TXOP limit , a node may transmit one or more frames.
B. Static Mapping
Ksentini et al. [7] proposed a static mapping mechanism for video streams using H.264 codec, in which the AC a video packet should be inserted is determined by its slice type. That is: (1) frames of parameter setting information are classified into AC3; (2) frames of IDR picture slice and partition A belong to AC2; (3) frames of partition B and partition C are inserted into AC1. If applied to MPEG-4 codec, I, P and B frames could be assigned to AC2, AC1 and AC0, respectively.
Such an assignment can not only improve transmission quality of I frame but also occupy the scheduling opportunities of AC1 and AC0. If the proportion of I frames is relatively high, good performance can be obtained. The deficiency is that P and B frames have to contend with best effort and background traffic, leading to higher loss rates especially when the traffic of data services is heavy. Therefore, it sacrifices P and B frames to ensure the transmission of I frames. Whether it can achieve a better performance than EDCA or not depends on coding structure and network load.
C. Adaptive Mapping
In [8] we proposed an adaptive unequal protection scheduling algorithm for video transmission over IEEE 802.11e networks. Contributions of this work include:
(1) We provide a relative queuing delay (D R ) based AC selection mechanism. D R is an approximate value of actual queuing delay. Inserting video frame into the AC with minimum D R will reduce the transmission delay of each frame as well as overall distortion of the video stream.
(2) We integrate the D R based AC selection mechanism with a dynamic frame assignment algorithm (DFAA). DFAA takes video frame priority, DR and queue length (the number of packets in a queue) of each AC as inputs to differentiate frames with different priorities effectively and to provide efficient and dynamic protection of video frames according to the real-time network load. Simulation results show that DFAA reduces video distortion significantly, compared with other reformed schemes.
(3) The fuzzy logic controller (abbr. as "FL controller") is designed to produce appropriate adjustment of DFAA parameter so as to provide flexibility to the variation of environments. An FL controller decides parameter adjustment according to queue length of certain AC and the frame loss rates of certain frame priorities. Experiments validate that DFAA with FL controller could achieve a near optimal performance when the DFAA parameter is initialized with an arbitrary value.
As shown in Figure 1 , proposed scheme utilizes the capacities of AC1 and AC0 to improve video transmission performance. DFAA is the key component. Congestion level of each AC is recognized by queue length. Video frame priority, DR and queue length of each AC, and parameter adjustment are collected to help DFAA to be aware of real-time network load so as to decide which AC it should throw the frame in. DR is calculated to represent actual queuing delay approximately. The FL controller takes statistical information within a time cycle (such as loss rates of video frames with different priorities) and queue length as inputs to determine quantitative adjustment of DFAA parameter for the next cycle.
More details can be referred in our paper. When applied to multihop 802.11e networks, we perform several experiments and find that it is not suitable to use DR as AC priority. So we use the default AC priority, i.e., AC2 > AC1 > AC0.
III. EVALUATION ON MULTIPLE VIDEO STREAMING
Simulations are based on the integrated platform of ns-2 [9] and Evalvid [10] , implemented by C. H. Ke [11] . Figure 2 shows the simulation topology, in which seven nodes constitute the multihop ad hoc networks. Let Ni denote node i. For the source there are two available paths in scenario I: (N0, N5, N6, N2) and (N0, N1, N3, N4, N2), having 3 hops and 4 hops respectively. We call it 3/4 hops scenario. We plan to originate two of the following three video sequences from node 0 to node 2: (1) foreman sequence with QCIF resolution (400 frames, 13.3 seconds); (2) akiyo sequence with CIF resolution (300 frames, 10 seconds); (3) news sequence with CIF resolution (300 frames, 10 seconds). Table 1 shows difference of coding structure among three sequences. 
A. Single Path Routing vs. Multipath Routing
In this sub-section, performance comparison between single path routing and multipath routing is performed. Remember that two video sequences are originated from node 0 to node 2. Standard EDCA is used for link-layer scheduling scheme. When performing multipath routing, we divide two video streams into different paths. Consider data rate difference among the three sequences, there are two multipath routing mechanisms: (1) MP1. The sequence with higher data rate is forwarded to 3 hop path and the other sequence is forwarded to 4 hop path. (2) MP2. The sequence with lower data rate is forwarded to 3 hop path and the other is forwarded to 4 hop path. In each experiment a best effort data stream is originated from node 1 to node 6 with various data rates (horizontal coordinate axis). From the above figures, we can find that single path routing outperforms multipath routing in most cases. The reason is the existence of interference. As we know, there are two kinds of interferences: intra-path and inter-path interferences. The former refers to interference between adjacent nodes within a single path. The latter refers to interference among different paths. Although multiple paths are employed for video transmission in multipath routing, inter-path interference degrades the performance. Two paths have the same source and destination nodes, and distances between forwarding nodes of two paths are relatively short. Therefore, inter-path interference is remarkable. On the contrary, when single path routing is adopted, there is only intra-path interference.
Whether the performance of multipath routing is better than single path routing depends on the mechanism that multipath routing adopts, video sequence and the data rate of best effort data stream. From the figures we can draw the following conclusions. First, MP2 is the worst choice. That is to say, video stream with higher data rate should be forwarded to the better path. Second, considering avgPSNR of foreman sequence (with low data rate), SP is always better than MP1. Third, considering avgPSNR of akiyo and news sequences, the result of performance comparison between SP and MP1 depends on the data rate of best effort data stream. When it is relatively low, the performance of SP is better than that of MP1. On the contrary, MP1 outperforms SP.
B. EDCA vs. its Modifications
In last sub-section, standard EDCA is employed as link-layer scheduling scheme. As we know, there are many modifications of EDCA. In this sub-section, we present performance comparison on multiple video streaming between EDCA and its modifications. Two modifications are considered: (1) static mapping proposed in [7] , denoted as ICM; (2) adaptive mapping proposed in [8] , named DFAA-FL. Figure 6 and figure 7 show the results. The difference between two experiments is the priority of background stream. When the priority is set to 1, it means that packets of this stream should be inserted into AC2 in standard EDCA.
From these figures, we get the following conclusions. Firstly, ICM shows its advantage when the priority is set to 1. The reason is that in ICM only I frames are inserted into AC2 so that the number of packets in AC2 is relatively small. Inserting packets of background stream into AC2 will not cause significant performance degradation. Secondly, EDCA gives more protection to foreman sequence when the priority is set to 1 because foreman sequence has less I frames than akiyo sequence. Thirdly, when the priority is set to 2, the performance of both sequences in DFAA-FL is much better than those in the other two schemes.
CONCLUSION
In this paper we evaluate multiple video streaming performance over IEEE 802.11e multihop networks and obtain the following conclusions:
(1) For the existence of interference, whether multipath routing can outperform single path routing depends on several factors, such as the traffic assignment mechanism in multipath routing, coding structures of video sequences and the data rates of background data streams.
(2) To improve the performance of multipath routing, the better path should be assigned to the video stream with higher data rate.
(3) Whether an EDCA modification is suitable for the current environment also depends on several factors, among which the characteristics (such as data rate and coding structure) of multiple video streams is very important.
Next, we plan to design an adaptive cross-layer scheme for multiple video streaming which is suitable for various coding combination and network conditions. 
